The band structures of 68,70 Ge, 128,130,132,134 Ce and 132,134,136,138 Nd are investigated using the triaxial projected shell model (TPSM) approach. These nuclei depict forking of the ground-state band into several s-bands and in some cases, both the lowest two observed s-bands depict neutron or proton character. It was discussed in our earlier work that this anamoluos behaviour can be explained by considering γ-bands based on two-quasiparticle configurations. As the parent band and the γ-band built on it have the same intrinsic structure, g-factors of the two bands are expected to be similar. In the present work, we have undertaken a detailed investigation of g-factors for the excited band structures of the studied nuclei and the available data for a few high-spin states are shown to be in fair agreement with the predicted values.
Introduction
The wealth of high quality data obtained from high-spin nuclear spectroscopic studies have provided invaluable information on the nature of the nuclear many-body system [1, 2, 3] . The rotation of triaxial nuclei is of topical interest because of the richness of the band structures plausible in these nuclei. The interplay of the rotational and the vibrational motions of the triaxial core with the gyromagnetic motion of the valance particles generates a wide variety of nuclear excitation modes [4, 5, 6, 7, 8, 9] . A number of phenomena like signature splitting, gamma bands, forking of the ground band at intermediate spin, chiral rotation and wobbling mode are related to the triaxial nuclear mode [10, 11, 12, 13] .
A major challenge in nuclear theory is to provide a microscopic and a unified description of the collective and single-particle modes of excitations in triaxial nuclei. Recently, it has been demonstrated that microscopic approach of triaxial projected shell model (TPSM) provides an excellent description of various phenomena observed in the triaxial nuclei [14] . For instance, the forking of the ground state band observed in some isotopes of Ge, Ce and Nd have been explained by comparing the measured level schemes with calculated spectrum, obtained using the TPSM approach [11, 15] . It was demonstrated that the anamolous behaviour of forking could be explained by constructing quasiparticle band structures from a triaxial mean-field potential. It has been shown that γ-bands are built on each quasiparticle state as for the groundstate configuration and the second observed two-quasiparticle aligned band is the γ-band based on the two-quasiparticle aligned state in some nuclei [16, 17, 18, 19, 20] . Since the parent band and the γ-band built on it have the same intrinsic structure, the observed two s-bands should have similar properties.
In order to probe the intrinsic properties of the aforementioned excited structures, g-factors need to be evaluated that can be compared with the measured values. The purpose of the present work is to systematically evaluate the gfactors of the excited band structures. The present work is organised in the following manner. In the next section, the TPSM approach is briefly described for completeness and the emphasis shall be on the evaluation of the electromagnetic properties. The results of the TPSM calculations are presented and discussed in section III and finally the present work is summarised in section IV.
Triaxial projected shell model approach
TPSM approach has been demonstrated to correlate the high-spin properties of transitional nuclei quite well. The advantage of this model is that computational requirements are quite minimal and a systematic study of a large number of nuclei can be performed in a reasonable time frame. The model employs the deformed intrinsic states of the triaxial Nilsson potential as the basis configurations. These constitutes an optimal basis set for a deformed system and a small subset of these states is needed to have a satisfactory description of the near-yrast spectroscopic properties. Since the deformed basis are defined in the intrinsic frame of reference and don't have well defined angularmomentum, these basis are projected onto states with well defined angular-momentum using the angular-momentum projection technique [21, 22, 23] . The three dimensional angular-momentum projection operator is given bŷ
with the rotation operator
Here, ′′ Ω ′′ represents a set of Euler angles (α, γ = [0, 2π], β = [0, π]) and theĴ ′ s are angular-momentum operators. The projected basis states for the even-even system are composed of vacuum, two-proton, two-neutron and twoproton plus two-neutron configurations, i.e., where |Φ in (3) represents the triaxial qp vacuum state. In majority of the nuclei, near-yrast spectroscopy, up to I=20 is well described using the above basis space as one expects two-protons to align after two-neutrons rather than four-neutrons considering the blocking argument. However, we would like to add that this may not be the case for all the nuclei and there are indications that four-neutron states may become important in the description of high-spin states in some rare-earth region nuclei [24, 25] .
TPSM calculations are performed in three stages. In the first stage, triaxial basis are generated by solving the triaxially deformed Nilsson potential with the deformation parameters of ǫ and ǫ ′ . In the second stage, the intrinsic basis are projected onto good angular-momentum states using the three-dimensional angular-momentum projection operator. In the third and final stage, the projected basis are used to diagonalise the shell model Hamiltonian. The model Hamiltonian consists of pairing and quadrupole-quadrupole interaction terms [26] , i.e.,
The corresponding triaxial Nilsson Hamiltonian, which is used to generate the triaxially-deformed mean-field basis can be obtained by using the HartreeFock-Bogoliubov (HFB) approximation, is given bŷ
In the above equation,Ĥ 0 is the spherical single-particle Nilsson Hamiltonian [27] . The monopole pairing strength G M is of the standard form
where the minus (plus) sign applies to neutrons (protons). In the present calculation, we choose G 1 and G 2 such that the calculated gap parameters reproduce the experimental mass differences. The values G 1 and G 2 , choosen in the present work, are G 1 = 20.82 and G 2 = 13.58 and are consistent with our earlier investigations [11, 15, 28, 29, 30, 31, 32, 33, 34] .
The Hamiltonian in Eq. (4) is diagonalized using the projected basis of Eq. (3). The wave-functions obtained from the diagonalization are then used to evaluate the electromagnetic transition probabilities. The g-factor g(σ, I) is, generally, defined as
with µ(σ, I) being the magnetic moment of a state (σ, I). g τ (σ, I), τ = π or ν, is given by
In our calculations, the following standard values for g l and g s [1] have been taken:
.586, and g ν s = −3.826 with an attenuation factor of 0.75 for the spin components. In the angular-momentum projection theory, the reduced matrix element form (withm being eitherĵ orŝ) can be explicitly expressed as [35] Table 1 . As discussed in the previous section, since Nilsson potential is the mean-field for quadrupole-quadrupole interaction, these deformation values also fix the interaction strength of the two-body interaction through self-consistency conditions [26] . The deformation values in Table 1 are same as used in our earlier investigations [11, 15] .
The obtained band structures of 68 Ge and 70 Ge, after diagonalization of the shell model Hamitonian, Eq. 4 are depicted in Figs. 1 and 2 along with the known experimental data. It is noted in Fig. 1 that the experimental groundstate band 68 Ge forks into three s-bands, labelled as B1, B2 and B3. In the earlier theoretical analysis using particle-rotor model [38, 39] , it was predicted that the lowest s-band is the continuation of the ground-state band and the other two s-bands are neutron and proton aligned two-quasiparticle structures. However, experimental study of relative g-factors using transient field technique indicated that the bandheads (I=8 + ) of the lowest two s-bands have both neutron structure [38, 39] . It was shown using two-quasiparticleplus-interacting boson model that this feature could be explained by considering multipole interaction terms higher than the quadrupole one [40] . In the TPSM results, shown on the right panel of Fig. 1 , lowest band structures obtained after shell model diagonalisation above spin, I=6 are plotted. It has been discussed in our earlier publication [15] that band B1 is predominantly composed of two-neutron aligned configuration with K=1 and band B2 is dominated by two-neutron aligned state, but with K=3. This configuration with K=3 is the γ-band built on the parent two-neutron aligned state, having K=1. This interpretion shall be discussed in detail later when presenting the results on g-factors. The second s-band in 70 Ge, labelled as band B2 in Fig. 2 , was recently populated [15] and it has been shown using cranked shell model (CSM) approach that this band could not be attributed to the alignment of two-protons as crossing of this structure with the ground-state band is expected around ω = 0.9MeV. In the experimental data, both band B1 and B2 cross the ground-state band at ω = 0.5 MeV. In CSM analysis, neutron crossing occurs around this frequency and, therefore, both the bands are expected to have neutron character. TPSM results indicate [15] that band B2 is the γ-band based on two-neutron aligned structure and crosses the ground-state band at the same rotational frequency as that of the parent band B1.
In order to quantify the intrinsic neutron and proton content, g-factors have been evaluated for the excited band structures. As the single particle neutron and proton gyromagnetic ratios have opposite signs with g n = −1.91 and g p = 2.79, the measurement of g-factors provides information on the proton/neutron structure of a given state. The calculated g-factors, using the TPSM wavefunction and the expression, Eq. 7, for 68 Ge and 70 Ge are displayed in Fig. 3 for all the excited band structures of Figs. 1 and 2. Apart from the total g-factor, individual neutron and proton g-factor, labelled as g n and g p , and the rigid value of Z/A are also depicted in these figures. First of all, it is evident from the figure that aside from some minor variation, the overall behaviour of the g-factors with spin for the two nuclei is very similar. For band B1 in both nuclei, the total g-factor for spin values up to I=12 is negative, indicating that this band is dominated by neutron configuration. This is evident from the wavefunction decomposition of the band structures of two nuclei plotted in Fig. 4 . Band B1 is noted to be dominated by (1, 2n) , which is a two-neutron aligned configuration with K=1 up to I=12. For I=14 and above, it is observed that (2, 2p2n) and (4, 2p2n) configurations, which are four-quasiparticle states with K=2 and 4, respectively, dominate. Since one-particle proton g-factor is much larger than the corresponding neutron gfactor, the total g-factor is positive for the two-proton plus two-neutron state above I=14 in Fig. 4 .
It is interesting to note in Fig. 3 that band B2 has a similar g-factor values as that of the band B1. The reason for this similarity can be easily inferred from the wavefunction decomposition of band B2 plotted in Fig. 4 . This band is dominated by (3, 2n) configuration, which is the γ-band based on the two-neutron aligned configuration, (1, 2n) . Since the two configurations have similar intrinsic structure, the g-factors of the two bands are expected to be similar. This naturally explains why the observed gyromagnetic ratios of the I=8 states of bands B1 and B2 in 68 Ge have similar g-factors. In the earlier work, higher multipole interaction in the particle-rotor model picture was in- voked [40] to explain this apparent anomally. It is not clear, at this stage, how this can be related to the results obtained in the present work. The experimental g-factors for I=8 states of the bands B1 and B2 are also plotted in Fig. 3 for 68 Ge. For band B1, the measured value is about g=0.1 [40] , which indicates that the state has neutron character and the TPSM calculations predict neutron character for the state with g = -0.26. For band B2, both measured and the calculated g-factors are negative and have similar values.
The total g-factors of Bands B3 and B4 in Fig. 3 for both nuclei are positive, indicating that proton component is dominant for these band structures. This is evident from the wavefunction plot of Fig. 4 with band B3 dominated by (1, 2p) component, which is a proton aligned configuration with K=1. The g- factors of band B4 are similar as that of band B3 and from the wavefunction analysis, it is noted that band B4 is dominated by (3, 2p) , which is a γ-band built on (1, 2p) aligned state. Band B5 for both the nuclei has a larger component of (3, 2n) configuration, but there are also significant other contributions. bands has been observed [41, 42] and in the present work we have evaluated gfactors for these band structures. It has been demonstrated in our earlier work [11] that in some of these nuclei, γ-bands built on two-quasiparticle structure becomes favoured in energy as for Ge-isotopes studied above. the γ-band was proposed to be the reason for observation of the g-factors of the band heads of the two s-bands with the same sign [11] . However, g-factors were not evaluated in our previous work and in the following g-factors shall be presented for lowest s-band structures as has been done for Ge isotopes. For completeness, we shall first discuss the comparison between the observed and the TPSM calculated band structures of these nuclei before presenting the g-factors. quite well by the calculations.
The calculated TPSM energies for all the isotopes studied in the present work are also displayed as numbers in Table 2 so that other quantities of interest, for instance, the alignments and moments of inertia, can be calculated and compared with other model predictions.
TPSM calculated g-factors for the 128 Ce and 132 Ce are plotted in Fig. 13 along with the rigid value of Z/A. The behaviour of the g-factors for
128 Ce and 130 Ce is quite similar and can be easily understood from the corresponding wavefunction plot of Fig. 14 . It is noted from this figure that band B1 is dominated by two-proton aligned configuration, (1, 2p ) and the corresponding total g-factor in Fig. 13 is positive. On the other hand, band B2 has dominant component of (1, 2n) , which is a two-neutron aligned configuration, and the corresponding g-factor is negative in Fig. 13 . As already explained earlier, the one-particle g-factor for proton is quite large as compared to the corresponding neutron g-factor, a small proton component in the wavefuction makes the total g-factor skewed towards positive values. Therefore, the total g-factor for band Fig. 13 , close to zero for spin values of I=10 and 12, indicates that this band, for these spin values, is dominated by neutron configuration. For highspin states, band B2 is dominated by four-quasiparticle configurations and the total g-factor tends to approach large positive values. Band B3 in Fig. 14 is dominated by two-proton aligned states of (1, 2p) and (3, 2p) for 128 Ce and 130 Ce, respectively and consequently g-factors in Fig. 13 have large positive values. For bands B4 and B5, the wavefunctions in Fig. 14 are highly mixed and the g-factors tend to be slightly positive. However, for high-spin states, 
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132 Ce and 134 Ce are displayed in Fig. 15 along with the rigid value of Z/A and the corresponding wavefunctions are displayed in Fig. 16 . For band B1, the total g-factors in Fig. 15 are negative for the low-spin states as the wavefunction for this band is dominated by the neutron aligned configuration, (1, 2n). There is a major difference in the wavefunctions of the band B2 for two nuclei. In 132 Ce, band B2 is dominated by the aligned two-proton state, (1, 2p), whereas in 134 Ce this band is dominated by (3, 2n), which is the γ-band based on two-neutron aligned configuration. This results into positive and negative g-factors of band B2 in two nuclei for low-spin states in Fig. 15 . Therefore, for 132 Ce the two observed s-bands are expected to have opposite g-factors and for 134 Ce, both the s-bands should have negative g-factors as the two bands have same intrinsic neutron configuration. As a matter of the fact, this is confirmed by the experimental work performed in [44] and the observed values are plotted in Fig. 15 . Both the measured g-factors of the I=10 states of the two s-bands being negative was an unresolved issue. It was explained in our earlier publication and now backed up with numbers, that band B2 in 134 Ce has the same intrinsic configuration as that of band B1. The only difference is that band B2 is the γ-band based on band B1.
In Fig. 16 , band B3 in 132 Ce and 134 Ce are dominated by (3, 2p) and (1, 2p) configurations, respectively. Since both these are proton configurations, the g-factors for this band are positive in Fig. 15 . The wavefunctions for bands B4 and B5 in Fig. 16 are highly mixed for two nuclei and the corresponding g-factors also reflect this mixing. The g-factors for 132 Nd and 134 Nd are shown in Fig. 17 along with the rigid value of Z/A and the corresponding wavefunctions are depicted in Fig. 18 . The g-factors for band B1 in both the nuclei are positive as the wavefunction has the dominant proton aligned configuration, (1, 2p) . Band B2, on the other hand, is dominated by the neutron aligned configuration, (1, 2n) for low-spin values and, therefore, corresponding g-factors are negative for these spin values. For high-spin states, four-quasiparticle configurations become important and consequently g-factors tend to acquire positive values with increasing spin.
Band B3 for both the nuclei is mostly composed of (3, 2p) and, therefore, the g-factors are positive for this band structure. As is evident from Fig. 17 Fig.19 that g-factors for the lowest two bands, B1 and B2, for both the nuclei are positive. The reason for this is evident from the wavefunction decomposition in Fig. 20 with the two bands dominated by (1, 2p) and (3, 2p) Fig. 19 have negative g-factors for low-spin states as these bands have dominant two-neutron aligned configurations. Band B5 is highly mixed with the g-factors in Fig. 19 depicting intermediate behaviour for some spin values. For completeness, the attenuated g-factors for the groundstate bands of all the nuclei studied in the present work are provided in Table  3 . 
Summary and Conclusions
The purpose of the present work has been to perform a systematic analysis of the g-factors of the excited band structures observed in selected isotopes of Ge, Ce and Nd. These selected isotopes are predicted to depict forking of the ground-state into several s-bands. In most of the nuclei, ground-state band is crossed by quasiparticle aligned band, which in most of the cases has a twoneutron character. However, for nuclei studied in the present work, goundstate band is crossed by several band structures simultaneously. For these nuclei, the Fermi surfaces of neutrons and protons are similar and, therefore, both neutron and proton aligned bands are expected to cross the groundstate band simultaneously. In some of these nuclei, the excited bands depict this expected structure. However, 68 Ge and 134 Ce display two s-bands with the same neutron structure and for 136 Nd the bands have the same proton character. The g-factors calculated using the TPSM wavefunctions reproduce the neutron character for 68 Ge and 134 Ce, and proton structure for 136 Nd.
It is evident from the TPSM analysis that each triaxial intrinsic state has a γ-band built on it. The triaxial ground-or vacuum-state is a superposition of K=0, 2, 4,... configurations and the angular-momentum projection of the K=0 state corresponds to the ground-state band. The projection of K=2 and 4 lead to the γ-and γγ-bands. In a similar manner, the two-quasiparticle aligned state is a superposition of K=1,3,5..... The angular-momentum projection of K=1 state leads to the normal s-band and the projection with K=3 corresponds to the γ-band built on the two-quasiparticle aligned state. In some nuclei, this γ-band becomes favoured as compared to other configurations and crosses the ground-state band. In 68 Ge and 134 Ce, the lowest two aligned bands that cross the ground-state band are the two-neutron aligned band and the γ-band built on this state. For 136 Nd the lowest two bands have proton character. Since these bands have the same intrinsic configuration, g-factors of the two band structures are also expected to be similar. Therefore, TPSM analysis provides a natural explanation for the observation of neutron g-factors for the bandheads of two lowest aligned band structures in 68 Ge and 134 Ce and proton for 136 Nd.
Further, it has been predicted that observed two s-bands in 70 Ge should also have negative g-factors. For the case of 138 Nd, the lowest two s-bands are predicted to have positive g-factors. It would be quite interesting to perform the g-factor measurements of these nuclei to verify the predictions of the present model analysis. It would be also interesting to explore other nuclei having γ-bands based on excited quasiparticle configurations.
